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ABSTRACT

This report details the final test results of computer program
WARP. This program generates coefficients of a least-squares
LRAN grid warpage model for use in the AN/ARN-1OI Digital
Avionics System. The coefficients enhance the capability of tie
AN/ARN-1O1 to accurately convert from LORAN time differences to
Latitude-Longitude pairs. Test results include, input errur,
checks, boundary jump analysis, altitude effects and input ida
donsi ty.
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1.9 INTRODUCTION. This document is the Test Report for the War-page Coefficient
Generation Program (WARP). This off-line computer support progra uses real world
Loran time difference (TD) measureiients to produce Loran grid warpage correction
factors to enable precise AN/ARN-IOI navigation and weapon delivery.

1.1 PURPOSE. The test of the Warpage Coefficient Generation Program wns designed
to define data requirements, evaluate program utility and measure toran
navigational accuracy. The test results provide a basis for fonuldtinj
guidelines for the operational use of tie coefficient generation ,)rograi in a
tactical environment.

1.? SCOPE. The extensive data base collected during AM/ARN-l01 fl ight testing at
[gli-n AF, Florida was used to exercise WARP. The prograii inl)t (idat consists of
four altitude dependent sets of preci se gedet ic l atitude ongi t,iJe (I. 'T/!_ON)
coordi nates and the corresponding raw Loran ti;ne difference measure tie i i lhin
the Southeast USA Loran-C Chain coverage a-ea. Tie test defines Loran dccuricy as
a function of WARP parameters, input data density, altitude, and size )f :he prikie
coverage area (PCA). The primary goal of this test activity is to q'aljIl input
(data requirements and evaluate Loran navigational accuracy. The foll)wing test
obectives are addressed:

a. Identification of bad input data

b. Selection of program constants

c. Ifnproper spheroid selection

d. Effects of input data density/size of PCA

e. TD predictions in void areas

. Altitude TO predictions

g. Boundary c)ndi tions

h. Average and saltwater impeiances

i. Photo reconnaissance data validation

j. Software program documentation

1.3 TEST OVERVIEW. The data base for this test effort was estil)lished in
rlfilment of Objective IP, of the Arnament ivision Test )irective No. 22'19tA02,
AN/ARN-IOl Pave Tack Interoperability Flight Test (F-4 Advanced Avionics Phase
11). This objective addressed the mapping of the Southeast USA Loran-C Chain "r
the purpose of generating Loran warpage coefficients. Four AN/ARN-I.9 equilped
F-4E airborne nissions were used to collect data at altitudes of 1500 ft )!SL, 5000
ft ,4SL, 10000 ft MSL, and 15000 ft NSL. Mosaic flight profiles were flown
throughout the PCA as shown in Figure 1.
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uious duail "~S-I 6 radar and sel ect i ye Thutotheodol i ia cove

or acctirite sp)ace t~s;1 ti oing of 'tie a- O'Cf:. The aircraft )OSt-':1 j it

nstrumnrtation d awi th nerged dtial rajd/d'iatotheodJoj i ',? dj-iS' )qjtj jor.1

time sequenced and merged t-o provide the quirved IWAR 0 datai. Data re!i, 'ilo-,

techn-Iques prov ided coordjr nato i i red 'tAT-_(Jl's Ths , and dl t i tuce d!i, I ill for-

each of thie fotir fli jht lel. Th)e selec:ion of daa oin'ts r0 ,-
nput was bjounded by a 3-slpace a 4 ro-ra FL' p;)o i 1'i on error of 11es;S thanl 101 fi n y

selected points, a; necessary to satisfy tie 5 n;ri di~b~nJes'r3)il i't, wO(ri
chosen with ;lbs tion errors of 10')-290 fee'-.

T he rev i, -ed W4ARP and the Fo-ir 2 t it ide dsp'ionlent dot )5se are cirr?
-esi4dent. on the Egl in A.FO TO 6) oaae~ each do" t filIe isj .

anal WARP ;iara;iietercs whlic CI i noe th l;T lv-Td !)*mdar i? o, 0v-iri chii i

defit ions, I he earthi spheroid doJl lfi' ii ion, 0.0d Y10 -jI'd Im'T

Alisting of these proyrl 01m'.r s v~ ,,e 1. A deto1a 10']1; ,
Lo ran g r 'd wa rp ag e a nd pijd woa cov- r e il re a .riJ by 71 r r:! t, I~y u-
T 1: Corporation, spec ical ly adresses i li acti i ',y nd I s ic1'],

Appendix A.

1.4 GENERAL TEST PROCEDURES. A statistical evaluator was u1sed to ey'Wi ;(
wiarp age mnodel against a 'basel inc set of ;'eisuvr-J A'LO/Ocoordio0 r'. i
o VIIa 1-to r C onls isted2of wi b asael i i d at'-a 's (\ and Pt) 'o-. each o'V, rej, c
Lost altitudes. tA-O/Oand alt i Lde do' to OIits wer-e sol ected to rOeve& j
eqli' val ent sets with a denisity listributicll of on), p) il dt er 5 ni ce'l i

-3 c 1o its wi thini the Egl in PCA. The two sot s rC re o~ine oi
'iistical ly equivil ent with respe ct to IWAR me ajn e r:--r, s'a ndorti dov', ixi an,!

frItge coinpu a t iouns. OInce ;ntorch a nije0l e , nne sowas idont i fi 1
-p t dataI, a nd the other !becom-e t. ie oval ji' ion sot 'io odtr n I'

-1CCI,i'cy .
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2.0 APPLICABLE DOCUMENTS.

The following documents are apI~icable as defined.

2.1 METHOD OF TEST.

The basis for this report is the Method of Test (MOT) for the Loran Warpage
Coefficient Generation Program (WARP). The MOT identifies ten (10) objective, for
testing the software program. It was prepared by the Electronic Systev Division
Operating Location -AF (ESD/OL-AF) at Eglin AFB, Florida. The MOT is dated 2 , !)ec
79 and is available through ESD/OCN-1, Hanscom AFB, MA.

2.2 USER'S MANUAL.

The Warpage Coefficient Generation Program was developed by Lear Siegler,
inc. (LSI) and provided to ESO. The prograir source listing was accoiipanitd by a
preliminary User's Manual LSI YV1007, 13 May 76. The User's Manual wa; updated by
ESD/OCN-1. At the time of testing this manual (OCN 79-305, 1 Nov 79) comprised
the most current program documeitation.

Results of ESD testing include a revised Fortan prograimi, a new User's manual,
and an Analyst's Manual (See Objective 10).

2.3 AN/ARN-I01 SPECIFICATION.

The warpage correction requirem. nts are determined by the Coputer Program1
Develop:iient Specification for Operational Flight Program, RF-4C (F-4L) Digital
Modular Avionics Systeim AN/ARN-lOl(V), Contract Number F1962-76-C-0024, Oocuent
Number CBIOOI-004A (CBIOOI-OIOA).
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3.0 TiST OJECTIVES.

3.1 ()I,)l.CTI VE 1. Bad In iut Data.

3.1.1 DESCRIPTION. Demonstrate that the program is capable of identifying bad
1 r1itt d ta.

3.1.9 TEST PROCEDURE. Examine WARP to detennine tile capability to detect ad or

erroneous data.

3.1.1.1 PROGRAM MODIFICATION. None

3.. I OATA REQUIREMENTS. Nomi nal program inpat data sets.

3.1.3 TLST RESULTS. Nominal program out:luts.

3.1.4 KVALUATION CRITERIA. The input da:a set consists of correlated Loran time
ifter, rces and geojrau)hical latizude/lonjitudes. The definition of bad or

,'r'rneu s data is limited to mean those d.ta points where the a.sured t ae

,rnces d) not corres.)ond wit their associated LAT/LON for redsons other thdr
Mar, ,)aj ,. Si nce Loran marage is defined !o be the diverye;nce of the Loran
r',F'enCC relative to ai ven earth reference due lo physical earth proerties, it
is q,;i di fficul L Lo separate wwapge from measure:;lent error.

Witin 1l%,Rl 'he only error detection iechanism is a test to determine if a
c:,;,ed impedance lies within the real world range of .001055 7 .03.
Impledances that fall outside this range are not found in nature and are therefore
considered as lad data points.

3 .I.u ,LST EVALUATION. The computer proram estimates an impedance using a
u 'j v-,aphsolr iterative schemie. ,.hen an interim val ie violates the prescribed

I iiL he t..rat ion cemses and resl ts in a non-zero error residual. This
nll-c,'v;ryer, c error res id:al is used as the flag to idenLtify bad data ;poiits.
S ,ice 1,here are three unLnown imedances and only two time difference equations,

h. ,._oted a',)proach wihin WARP sets the master station impedance to a constant
val . ind i!terates the slave im,)edances to reach a simultaneous equation solution.

pao choice of master impedance con cause the iteration scheme to attempt to
1Ill o r l- , 'za:l e i ,p'edanct, valu)es fo, either slave. A look-up table li;i t

v., , fl rei:hed and a res.x.la T error res, I ts , thus identifyi ng "bad"
dal. 1. A r.triye of l.iuster ipedaic, value! carn yenerate a iultiple number of valid

solii. us that may or u' it re. resent r'ul world values. Conversely, a poor
cholt,...iay also generota T, resic:ials. {See also ObJective 2.).

1;, is t eref,)re concloed thc.t an err)r residual flay is not necessarily an
u ir,Lor of "bad" data, nor is the lack of an error flag a guarantee of "good"

dai.,.

.i i I i I I I . ..



3.1.6 RECOMMENDATIONS. A positive neans of detecting baJ data is to cllec
three data sets at the same altitjde over the sI;le ireai, 'has pr,)vid ij a i)arity
vote conparison to el ininate the "had" data point. However, tiis s n,)t (x;,ecLed
to be operationally ,)ractical. Ass-rqinj only one dat.t s&t is available, it w)ijld
he appropriate to select an initial inaster i-npedance comnensurate wi th the
expected soil type. Should error residual flags occur, the aaster iip ,dallce
should he iterated up or down one s;oil type away fro-ii the slave impedantce li,fi
that was previously flagged. If t'ie residual TI) error reiains, it is then
reco,,i1ended that suspect data be renoved pending further data gatherinj and
aaalysis of the im~nediaie vicinity of data points in question.

7



3.*) , ).L CT I E -2. Prokr,ro Cnt ilts.

3 DESCRIPTION. Detemii tie tile CffeCi S of ChandyeS i i the val aes of ister
I~ednceIndex of Refract 'on, and Vert icdl Lapse Factor on the accu~racy of the

3.?.,j rEST PROCEDURE. This test was ipe'fornaed in to parts. The first )dr,
eQliiltd "he effects of sel ect i n Ji fferant val -ies for tile viod n~ )rp',

conl- ints. These constdrnts were varied )iec at a tine over t~le rangyes gi vori in
Ta))e 11. '-or co-ydr sjn p)Urposes the thieoret ical na~iina and lainilad are i oci uded.

*:onstant Ranges id %o rijl V i ~jes

Parai~ieter i~iniia est Ran - Mxn
Pco-_____e Y7i n ii aoMina - i a xin

lnt, .n i .11301 1 I. ]'J0333 .))04 .204

Ver:. ica La,)se F~ictor 0.6'] 1).0 0.85 o. ()t

f or- tile ;eco~d Ioa r )f t ) i s ob~ec~ 4 e thle V(er', I Cal :-apse Fict. Id "I<?t
11,1 / 31i uc of 0. 15 a, 1,th i nl;; it W the tr~r~ and vi,- i 1,1 over LI.-, ran .je Of

.')-1.?') in Overlay 5. 'h'.s o valated isinj the c,e4fficieiits at. ;3,1jes o'
2 r l,3,,e oltdt'r 'ti in the v,,1 ie Uise . Io 'ii--, .0 t- IO f en) .
"I ki I lief rAnal]; o f 'Ie effec! of Js nlj :ooefricieylls er vil 0.- oe Index

f rcL i t hor "lii)n rp roduced h~ as rerforleud.

3. . .O~~AYMODIFI CT IN.No :;iod i at,,on vas it±c-ss.~ry ffir 1 rt,O Ji of * Ils
Ve 1, 0r)o r dt -w , tho it i n )rogri.. via s duj ILI) ked y rhe aId. Li in )f

I1 * -,2 c 2 t1 t Li ver' V-1y 5( t ) eval ia 1 on ive rl ay) . ach ca II wa s acc) ~n ed
l iew v A,2 i oi- Vt r L : l La,)so Fdc t or.

3 .. ? OATA REQUIRkMENTS. 5K f t dseC In Ie I n1 it dat iSet.-

1*? 3 7EST RESULTS. The statistics of -ie first test. are consolidated '? Taal)e
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3.2.4 EVALUATION CRITERIA. Mean error, is the only evaluation criteria.

3.2.5 TLST EVALUATION. The results given i n Table II in'icate that the choice
of noni nal valuesf the program constants is not a very crilt ical decision. As
observed '1Isewhere in this repurt, WARP does r,)t drive towa rds a unique solution.
Tle t) 'al range of errors in Table I[[ is well under 10 nafnoseconds. Program
consl ants need not represent the real world values observed at the time of dat-i
col lectiic i. Any differences appear as warpage and ire subsequently corrected -or
ill tile w e l nj process.

.'.cond tLes es sentLi ally models Ins, rtilo in Lhk A/ARN-101 of vilues
for Vert; :,al Lapse whic are different than th , one used t: drwoduce tile var.)age
coefficients. As can be seen froi Table IV significant error is introduced by
inconsistent values of the Vertical Lapse Factor. Since Vertical Lapse is a
dynamic fraction subject to change both daily and seasonally, this test also
models the effect of this change on the accuracy of the AN/ARN-1Ol. Although the
range of Vertical Lapse given in Table IV accurately model-I values which may be
seen throughout the year, its effect on the AN/ARN-l0l is inclear. This is
because Loran chains are stabilized relative to fixed monitLor locations. Changes
in the redl world parameters such as Master Impedance, Index of Refraction, and
Vertical Lapse Factor are Copensated for within the Loran coverage area by the
,lan)ipulat ion of the e ission delays. Variations in the programi constants due to
real world fluctuation then become transparent to the AN/ARN-lOI. This is true in
the vicinity of the monitor stations. It is well beyond the scope of this test to
attempt to determine the effects as a function of distance away fro: the monitor
locations.

The Index of Refraction problem illustrates the problem of Chain variation and
contr-)l. Variation of the Index of Refraction throughout its reasonable range of
1.0002 to 1.0004 can introduce an error of about 100 ft per station at a range of
I)00 Km. This imposes a maxiuinm upper bound on the position error to about 300
ft. Changes in tLe Index of Refraction cause a linear change with distance in the
times of arrival of the wave fronts. These changes are comipensated for at tile
monitor locations by adjusting the enission delays by a fixed amount. This step
change is not equally valid everywhere in the coverage area.

3.?.6 RECOMMENDATIONS. The major findings of this objective clearly state the
need for consistency of variable definitions between WARP and the AN/ARN-lol.
Choice of variables is non-critical as long as the values chosen allow the data to
converge to acceptahle solutions. Warpage coefficients then generated are valid
for- reil world conditions similar to those that existed at the time of data
c, Iec! ion.

It is finly recmmended that additional analysis and testing be undertaken to
delenni ne the long tenm val idity of the warpage coefficients over seasonal changes
a; -vel as during adve-se weather conditions. This will require a detailed
ivest igation of the AN/ARN-1OI coordinate conversion process in addition to
fu tmolm, rewearch i nto the relevance of the select ion of constants to model
variables.
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3.3 OBJECTIVE 3. Improper Spheroid Selection.

3.3.1 DESCRIPTION. Deternine the degradation of modeling accuracy as a function
of incorrect and inconsistent spheroid selection.

3.3.2 TEST PROCEDURE. To limit the scope of this test, two cases were evaluated
to deternine the magnitude of positional error resulting from selection of
inconsistent or incorre~ct s)heroid (more precisely ellipsoid) earth 'todels. The
first test was to nisnatch spheroid coordinate systens in processing the data
,ithin WARP, and the second test was to simulate an AN/ARN-1O1 operator errur by
selecting an inconsistent earth model in the AN/ARN-lOl.

Reference spheroids are iriplicitly or explicitly defined in foir separa '
areas of the warpage correct ion pr.)cess. These areas are the LORAN Chain
coordinates, the LAT-tON data pairs, processes internal to WARP, and proces,;es
within the AN/ARN-lOI. In the AN/ARN-lOl, any one of seven spheroids .'Iay be
selected and the defining parameters of these earth nodels are given in Table 1.

TABLE V

REFI:RENCE SPHEROIDS

REFERENCE SEMI-MAJOR AXIS INVERSE OF
SPHEROID* iN MITERS FLATTENING

International 63783388.0000 297.

Clark 1866 6378206.4000 294.978698

Clark 1880 6378249. 1450 293. 454999

Everest 5377276.3452 300.8016)9

!3eSs ol 6371397.1550 29'). 15');-11,)

Astral i an 63 78160. 0000 298. 25

.IGS- 7? 6378135.0110 298.26

*The reference source fo- these spheroid nodels is the Program Develom)ment

Specirication for Navigational C-aputer of RF-4C Digital Modular Avionics Syste!
/ARN-1'2,, rontract N uvher FI9621-76-C-0024, C3 1001-004, Page S04, Table 111,

7harting Spheroids.
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.,I',Ate first tet he Lorai, Chdin -,nd wurpige data was oodeled using thle
tY '~survey )ytn.The seven di ffer.,nt sloeroid inodel; wvere then used in

jk-ri,'Jtny war;u.ije coefficients. Positional errors were noted, thus simnul ating
ijyr et 2?siher'oid selection.

o',r test two, the varpage coefficients were generated using thle consist'ent
Iyrr " s e-n (i.e. , w GS-72 data and sh)eroid nodel ) ut the seven di fferent

s rhop-ond iiodel s iere Lihen used to evalu~ite positi Dnal error, thus simiul ating
11 oierutor sel ect ion of thie wrong earth nodel.

3.3..1 PROGRAM MODIFICATION. WARP was iiod'IfieA to use the seri un e Is
ritacrf the fixed Cl ark 18663 tiodel. The only purpose of tlie reference spheroid

in the cal ciiat ion of arc length d iS tnces froii thle data points to tlie
11 .r -NS. ilowever, t~ii s cal cul ation is done twice; first in Overlay 3, :isod in

Lrjoneraion of wardige coefficients; and second, in Overlay 5 used fur
11.1at ing1 t he c IrffI c i ent S

)r the f i r.. , W:i' wa_ iod fif d so thait. ho'hI iphero i s wotil 1
ii ~ A, .Ao11l u~te vol' I T able V. Ini trie second tsthe firs', spheroid
"c ~I CI'di to .)2 10 is-,_, n2odel wh i e the second was i tera ted t hrougjh i'l t he

tIM i Valr.

1.3. ') ATA REQ~UIREMENTS. One set .)f i nprLt dala mnl the s,)rheroid valuas definied

3. 3. 7EST RESULTS. The test resul ts ire gi ven i n Ta)l es VT and V' 1. In Table
" i41 2 spher'oids ire th e saiie and in Tau)le VI I only the secon-d spheroid is varied.

13 Are 4 is a .)lot of the nonnal probabil i ty curves 'ior four di fferent spheroids
4iI he Austral ian, Clark 1830 and Cl a", 13556 being vi r'ally i ient ical to thle

3. 3. 4 IVALIIATION CRITERIA. Evaluation criteria is tho st 'andard djev:it and
'11': 'r of the _ton e rr'r function given in feet. as shown inl Tool es V, and

'.I LST EVALPJA 1JN. The resA lts of thle test s indicatle tht the ccr Icy o
t '12aarnuc rorect . ' rIa furiction of sphtero i choice as 1 ong ds triat Choice

; c'i~ 'ni he , -2 Austril ian, Clark 1366, and Clark 13319, and to a
* 3~ .. Oter nclr. ''na 1oialapear toI be virtujally interchangeable. Fro ii

a It' i S Cr earI Tha,;,t thle r3essol and Everest1 schero ids cannot be arb)i t,- 3ri I y
-1 ' f'oc "))y0 o ir Th ;41o zrI ini the s iheroid sel r ct ion

rrur seloezt In the AN/ARN-1 01 e ither of these two s;pheroi is *ohen the
4ar lo co I ic i iot s have i)eon ~jenera te1 ust ig a di ff erent one. Th ere i s alIsoI a
K' .'r' a noia L i.a input ca dta and the Loran chatii arIndfeen rfrrc

s Is This error, sokirce wrx~l d be very difficult to ,ieaSri-e becauseitn'ldh
rigfunc - io'i of nosi non the earthi.



TA3LL VI

Pos it ional F.rritr Due to I cons i t Sohero iJ Sol ... i on in JaIr;)day

Coefficient feneratim Process.

SP H FRO rl i -------------------- [---

MODEL k- TDA TDB3 ........... ERROR T(T)

INTLRNATIONAL 1.0%3 .• 133.29

Y: 13:-il) -. 0002 .(,)7 133.44

:- V L R! S r. i] 2 .? 0!p 34.4:9

3s[SSKI .'1'1_ .. 703 ' 3. 34

-VUS TRAL IAN .8092 . 0 133.44

.q / .'03 . 1 33.46

_ARK 1366 103'2! .001,'" 33.41)

---------------- -- --- - - - - --L ---- - -- --- -- -

TABL VI I

OOS itl olal Fr 'Jr Due *o Ico r-ect S,',e ro i d Selec ion in the , YF,,-'I

. .. . ... .. .. .. . . F -- -- -- --- - - -
MODEL TDA TPB ERROR (ET _F

_____ __---__--------- -----
INTLRNATIONAL .))3 .3)18 133.41

:,ARK 13 ,] . 3138 n 133. Y

vi' .1"04 .313 296.46
... ..I '_ l~ . 5 .,32.7r])

AI!S r' AL IAN -50 5, ] 90 ; 134. R6

.,S ,'" -.,31 .1122 l34.0-

A RK '366 -0445 -. /01 153. ''

I r

L----------------II--------
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3.3.63 RECOMMENDATIONS. WRP shoul d be nodi flied to perfurni the (list ic
cal cii at ons only o1ce'. This wil 1 equi re thal; the di st3nce; 11e Saivol in c -j ion
stordge for use by additional overlays. 'in additian, thp cnns '.1 r o.1all tie various Sphe'Noids should b)e added to the prodra~. Thie 0ro 1 .. V
soul d be able t a sel ect any of thie avail able s Ihero"(iS. Thes(' cha1".~ 4aI' I
NWAR'P cons ista nt with AN/ARN-l1 orai n

Additional nasis needs to :)e done of) 1he ro 1ui 6fnn u e ''y' l

iidel seven di fferer spiheroids. Ta!ile V' iimpl n thm , Ow he(oic, U'
rrel evint. IF t'ie reference slihoroid is only iso ! o1 coi it' IlL 1 'i
O 1,1ddt)( mint-s ad thJ1, 1'AN s~aunors, t3in 5OtdlC h' u,

e l in nanted in favor of one su)heroid. This would woalyincrease '(1ie
v4ja )iJe" but i t wo Il d b)e a S el f- co -r e ct n'j r oc P-s S A s Ioni is ',Y1, ,Ii
VI/A RA-1lQ1 are consist' mt there shiould )e noa dejrau t on in thep ove-r jl I oa V
i cc ira cy . Th e ope ra i on of Th,1e V1/ ARN- 101 and '1N,2 anu qo i nI e s I i f
Addi ti onal ly , sowe sa gs i n/W-l :)royrai 1 5ze imod axec it, i of ieoo I n
real izeJ.

The Defense iappi ng PA~jency AErospace 'enter ( )TAAC) hias teintal
resuons i il1i ty to exercise? WAIRP and generr,'te .arpd,.je cooeffcients. TACn' o
c 11)abi JIi ty t tr a ns ae 1A T/L ONs ro n o ne c o ardi iab '- t e S to nt ,I f) s'
not part i cul anly important to) f~ 4 the cho co of ref erence b)efore th e n ;I, I i
jda tered. t is, how)veve",, m;ost, iiportant Tat th e user sp)ec tythe nr;i
t 'nat is des red. for ;0is operat ionmi. area. For tine ro' 1:c ricy tieu P- i
'-iust, use the satme s:The ro i htmnsie o ujene ri!, b o FI o
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3.4 OBJECTIVE 4. I1n,'ut Data )ersity/Si.'e of PCA.

3.4.1 DESCRIPTION. Investigate tile deg.-3ddtion of position accuracy as a

function of in;put dat,) density.

3.4.1 TEST PROCEDURE. Input data sets oiere generated at the following deisitf-ies:
5nn sti, lomi x 5nci, 0m) so. ; l5nili x 5nm, and 15nm sq. The data set at the 5n~n
derl;i y was the evaluator da~ t. The other four data se-ts were
inwi. to WARP? and wardge coefficients generated. Each set of coefficients was
ret--.tid and evaloited using the evaluation data set. This consisted of rerirmin,
dr'ugraw Overlays 1, 2, 3, and 5 with the evaluator data set as input to the basic
drutjraaa. This enabled evaloe.tion of coefficients at a data point density greater

!ldfl 110 10l)A it ji nt dens i ".

3.4.2.1 PROGRAM, XIODIFICATION. Two prograai )oJ icatiotis were iade. The first
chenge ,Is to) add tm tTtyto at tach two input files, with Ji f ferent naoies , to
!toIe 2"thch Jobl control file. The second odif ica, Jon as ilade Lo WJARP itself.
'S icc rical ly, Overla1y 0, the pro~jra:i execuijJve routijne, was mtended adf'ter Lihe

rijii fi ial oven lay call ' o redefine '.he i nit ti fi1le to thle second ddAt
File t~a hed by)e DathJob Control f 1 e. Then a, l overl ays exce;pt Nverl ay 4
1/e r-,a Ia led agea i n. Since thle coeffic ien~s iere venerated b)y 0verl ay 4 and

mdinl coin ,)on s torage, this had thle effect of eval u at i n the second datai set
sinj the coefficients as generated by -:ocessinj the first data Set.

1.4.?.2 DATA REQUIREMENTS. Fronl a mast~r 'lata sean eval jtor ita etf
i'lt a a lens ity of app)roxiiia ~ely 1 p )int )er 5nni squadre as genera tet.. The

nd ndemtdata sets li sted above were 2 1so createdi. _ess than 10% como:;on doi ots
qeri il "owed btenthe test and eval uat ion data sets.

3. 4. 3 ',!Sr RESULTS. The test r.,s.!l s ire givlen inl Table V11I. T2le aslorisks inl
the ile nd~ca t erurs ,reae tiami at ll owe'i by ,the con a't er por

3. 4.At1 tYAiIIATIIIN CRITERIA. The ov~iluait ~on cri tenria is the chinje int)
no ~ li17 ot unr'T' unltj i1n feet for thle test ditat sets as can' ared t.) th'e
err~r of Te oval *i3Lor (data se~t.

3.4." i-ST LVALUV I ON. FrD;i Tai e VI1: i, it is corci dd Thai. data' jath.lered at a
Ljoless thajn ' ;),):n eve-y Sn, doe,) n)', ileqi tely Inocel -12 coverage

There, i s al so so e 02 rcal data 4 i ch i icates that ait'h a ladrger ie
i '.oscr cL to lens :j nay '-- )I era,)' o. Jnfortunately, no (data over suich a

i rjt a )Wa some olbs erni Lions lay be ae

rit';' 2. Iftovar-i OJs data sets show that in ifonii data coverag,,e Is v, ry
Irtu;:. \f i'~~Ce Jono' coistrain !he iiod - 'd -mfd' o dyla cill

r'a:irVtrY rild ca op11 ol of Lihe nod-l . 7v2l jat ion of the modeli only at thle
a n s i I ot I-c his.



I-ORAN WARP"A;L MODUL ACCUR A C A'i A ;J1 I:~ )Nr 1 TD ,N

POINT (ITHF r)!- F

_________AV! 16VA i

5nmSq 1 2 130 1 0 6

lmnm x 5nm -3396 1(,1 -. 6 131'7

l1nro Sq 16:)4 1 ?.95 7 7325", 13

lbnmi Sq* **k

The data at Egiin AFBI Was gathiered over a regjion about 49 X 50tifi;. llAt 1,'
,)referred deosity )f 1 Ooint/5nn sqkuare, this g.ave 331 mo . is orgaiizo ", 4 '1. A
:)rimie area of lOnr er sidje will have 400 pol nt& at- thei sxip de _nsity or'jdni zv~i 2M
x D0 Oo ubl nj1 thiie n tr va Ib)e tle e n thlle data:1 min t s will give 4, x,' an,! 1:1 X 11)
Poi !)t5 over h reslect ''i coveraje areas. ell t'qiih the two areas d I f3r great-ly
i - size, this dist inct ion is meaingless wi thin i411RP arid ii thin th e AiA~-
sy st e!i as wze 1. very :.ruie area -is .klm intO, a rejion of fix, ~Jions'';
regardless ol: its size. Since the, wia rge *iodo' i3 :mororda ined to ICe of order
F-oor jt wowilfl see ; 'i tat ma thena t i Cal ly tho nu."hIer of 13 ita points Constrainin ,te
tan d 1 ens ioswo ev yip 'at oeve-, fujrther unvest igationi ofth
ia thelat ical reqoii renierts verses :.le qeop ysical real i ies of the ear'.i is
Conis dered to ')e 5eyonid thie SCOpO of this test effort.

3.4.6 RECOMM[NDATIONS. Although there is sonie ev'dence to the contriry, thie lack
of Jdita over a large area Forces the conclus ion. that data shoul d !e gat 'heredl on
5n:1i centers. Sinice void areas calsed onnne rror's LO )C(,iIf, P*is recoq~ep(id

* Iat :APbe liod if io 1 to F i1 in emip ty -, e& Is vi thi '-etsonah)l e i ipedarl,-, Val 1 ?S.
T11 i s qil tend to constLra in t-he wi rpage polyno, i al to reasonable war,),ij

c )rrect iori '.. an~~id to a~d in "510 'thni 0 the niodel i n process._
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,5 OBJECTIVE 5. T.D. Prediction in Void Areas.

3.5.1 DESCRIPTION. Detemnine ,he abil tiy of the proyraia to iredict time
,Iiff.rences in regions of the prime arei that are devoid or nearly devoid oF input,
rdl, 110ints.

3.5.' TEST PROCEDURE. N/A

3.,.'.I PROGRAM MODIFICATION. N/A

3.5.2.? DATA REQUIREMENTS. N/A

3.5.3 TEST RESULTS. N/A

3.5.4 EVALUATION CRITERIA. N/A

3.5.5 TEST EVALUATION. At the time thim iaettiod of test was written it was felt
it a ,predict ion capdbilty ni.jh t exis'. within the progral. The results of

Oh)jet: ire 4 and an anilys is of the compi ;ter drogran clearly shows that no sich
cli, , li / exists.

3.5.6 RECOMMENDATIONS. See Objective ,.
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3.6 OBJECTIVE 6. Altitude Time )ifference Effects.

3.6.1 DESCRIPTION. Deter ine i a data set jdthered at one altitude can .jtnor,ite
coefficients which are usable at other alt-tides.

3.6.2 TEST PROCEDURE. Four sets of data were gathered over the Eglin "rime
,overage Area at the following aproxinate altitudes: I,300, 5000, 101 1% and
17)00)) ft *4SL. These sets were independently ediiLa to i densi Ly ,of o, ; in. ,)or
five n utical ;tiles sluare. The evaluationn of the data ,rom,,eed. ,ini irly I,) ith
.Iethod used for the Input Point 'Deisity, O)bject iw y . Tht is, .,ach d.l a .,!.
generated a warpage model which is coiplet ly described natheiatically :y the
warpage coefficients and the area houndari s. l -our data set.s ;/re pr,,Cepsd
against each of the foir iodels nd the ef ' ects an each was ii easire. These
sixteen combinations of data and warpage models give a coaprehensive : )f the
altitJde effects for the prine coverage area under test.

3.6.?.1 PROGRAM MODIFICATION. This test objective Jsed the sa:ne version of WA')
as did Objective 4.

3.6.?.? DATA REQUIREMENTS. Pour scts of KAT-LON/T) data pairs jathere W'!in
he following altitide boufidarifas: 0-2500 ft, ?500-7500 ft, 7500-125')) f', .nd

I,500-1 7500 ft.

3.6.3 TEST RESULTS. fable IX shows the average positional err~r aind rimrhldl
,;andard deviation of the data as Well -is the 'arjil e boundarie;. Th table is
,)rganlzed in four parts. Tn each ,drt a diff'erent coef ic ien- enr'. ii .
data set is held constant and all e,)r datl se(ts are evaluated an t
Til)le IX does not include da.i col ect ion error' as art :or Lhe da-.

TAK L IX

-)RAN WARPAGE POSITIONWL ERROR

a. WARPAGE MODEL GENERATED FROM 1K INPUT DATA

FT AVE ST 0EV__ ..MAX 1/4 --- MEDIAN 3/4

IK 15 91 434 )3 136 196

5K :41 '05 558 75 115 193

1!Y 14' 99 462 74 134 19,

5 .L . 198 673 __ 07 -17 7- 251

21
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GENEAT£DFpom 5K INPUT DATA

b.WAP~~ UL-LGEEA'-~FRM K ------------------------------

L----5 ----

AVE ST DEV MAX _i/4 MEDA 9/4

1K 15 541 1 12 1

1 2 
31 

.
1 

. . . . .
-5- 1 3154

1 K13? 3:) 33 ,) 779

_7 
1 1 5 1 6 7 2 3 6 ---

,W. ,P,,GE_ M oD L GE ,TEO FRO 10K I _N --T DAT -

----------.--

AVE S DEV 
MEDIAN 3/4

--T -- - - , .......- 
- ---.- -

1 OK 191 l4 
1J3 3

1 

7 

7 
134

15K 91 52 2~ 81 3 7 9
~- - ---~ ------------ 

--

---------- 'JN AX1/ - - - - -D ~ 9 A - --

-3 jo14 7 4 180 254

15y,2 
-- 2 1_ - L~ - 87 _123 -



3.11. 4 IvAL!uA F IN C I 'rA. The ;r i nd y c.''i .1 1~ o". Cr 3 '

or!'r' III !ee'. ",ont )j~r '~; ae 's1 ' 'i 2 " 2vo'. j ler' 3I , 4~~~

"ley are? '4.A F I -,IberltlJy rIj'3" p, i Wc'' 'v'id. j t1 1

1.1).5 --- ST EVALUA U(N. r '.rc lcijh r , stj )~f var
4
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Ths 1 I. re i .Ill.; ij r'''' 1t'.! n 
.
2LT t j3.4 it-.

w'"' and 'he reAl oile. A- S IC'), "ip I . 1 ,, t the ';of plhr!Wj t~j.
4 wr-L'.jon3 fjctor ('C) orI war 4 )dJtl L. n ' . '1 n e,: ~... ..

it) I' n3 ?I ho v 4( ' 4 41 4;

I' evIl 0'.

E X 3iIn ld '1 3 )e1 con~u~ 41i r r'e v71 4, r3'''. f I:an4'I A

'41~ I4'3', 4)' fj 1- (2 1;Y ~ '1 l'0 j

ail s oF ' '44 ,). 3 3' 43 * l~4, 4

~'I) I -r
m e 'f :, I li -Io' '.j t3 1 ! ' '

.r - -e 94

). .- ,~ -is .4 .31 1 1 11 . '.' ' '1 ' 3 '

-- ic s 3 o '- i s il f, 4

.1 o I t

~ C.4 *lt '' r' A'. ' ~ 'P'r' 't,,.{..s

'S~~~~~~~~~~ C~C 3.4 'I''''" '3 ''A 40 '' t~' ' ' ~ ''''

K P c e ~ In A X I- 1 e,4) v Jk2' nh '.. .jTU'ci) h'rU,'. .

34. '40 C7'ih1' '101 1.4',41.J w'4 I'I .3 s id'' . 4' i e v'2 r ',

''iU) 3'413> y )2 Is ir " ,-t,' an,,'34 t~ 4 '31 y ''31 ie y' w4")'C - Th .e w r~ s 4'''
.)'. g ''.'a' %iarpAdje' ' c i.ist! ')y ',Ii i 1 IAY ric'3'i l3",41> te o~~12 tl'. . >7' AI

7' ' ~Il '.0 447' 0,1 fl I('r , I, s "I I)r Vi I !),Jv3tP 51, he I" I4 r''I ; p. ) r

d i fl c711 CJ!4d'4' iq~ )My. ')ve'r i .j vI" e ''13 T j n he Wi rt aj s,~ ,,1. i'l''s )44w 3'
i Pinc!> i o)f l (3 31 i 1 !121. 'V'1' 7')d ) en3~C t t .j4'!41'4' !,j )3'I '4ro)rt' l I ; .

11t r C ts i ctirvets W'Y '
",I,- ~ >n~ deci t'I? ;p'a'' of me Wy ool 4he hol !, r U



.I * n hat n sio; i nj f incl. ion )f the to~lli 1 ij process comple i±,ents te
iw) 11C fig fuz o fo'n wdy IFrj;i he er Ih s suir face.1 n fuc.ino It is probably n~t
iv .:)1- to beyi'i wi! Ui -Atio he high le'eol dita and try to roughen it sufficiently
describe warpdge at 1lower al I i',des 'iccause there A"jt e local anloiuil ies

.vh cl are evidoent at 1lower alt. :ades only. Met dl strictures , ipower I i -es , d
f :wo",iruico o efF.cts , for ex~y I e, th,it may be import ant at I K feet out, nt t

R .. rCOMMI-14A TI (INS. 'n flI i 1.errd o, one or two l ow al t i 'cue d1,. ,.1 fs s hou I (
I -oly d,, riO tOO ";1 wl rddje a S a f i, i Lion of al t itutde. Addi I i una I I av l s of

I I~ to f~ fi~ Id mal I r -iundant m.t can be very val oable for data
11 1 t, iw l1evols ) f 1 t0 f are ff~ icoet to irovide for j

"i voto .me !r ) if i daton. Val dat ion is v(r ioratecse f the
., , m i.,l!,y of exmrt n mea, r !,10it Orrjr fir,)i wardagje. D)ata gathered ad.

)1-j t j ' id,, .ior2 dJeS r~i )t ive Of -ihe total Liert i cal prof II e than data

) i1,r~ , ost jr,,cise navy jot ion sol 'it 100, dat a sh >i1 d tte qather2J it
Fox .r :1 V.l s tm d Real i z nj thal, ivaillable resources iaj
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3.7 OBJECTIVE

3.7.1 DESCRIPTION. - i ',dary
condit ions.

3.7.2 TEST PROCLDURL .. T'" ) ' U lfntS

consisting of a ,'ro i 
,

- 1, . . ' 1 r a ce i(Crost the
prime area boundard .. "u .uint 7:)s fr)aI tie.
prime area coefFf ic e,i-, . ", c iI ate l consta, t
impedances of the a;ur r ,.-rence ' t, L..4n the
interior and exteri)r ZS , ,va . , v' .. , I~A~e vil jt of the position
jump at the boundary.

3.7.2.1 PROGRAM MODIFICATON. ve- y 7 , .t4d jl'ered to create ILen pairs
of data points equally ;paced al)nj edC 'he Fir prine area bounddries. Each
data pair consisted of a ,,oirnt in the i)eor ]f the primae area within 300 ft of
tile boundary and a correspond ng )oint the sam:ie li'asnce across the boundary into
a secondary area. The approx'.ale relative locat'ons of the data )oints are
illustrated in Figure 13. Additione' progral io,;'ications were i!.iplenented to
compute TDs as follows:

TDA = TDA (exterior) - TDA (interior)

TDB = TDB (exterior) - TDB (interior)

3.7.2.2 DATA REqUIREMENTS. Low altitude data set processed by norial Overlays
1-4 and a modified Overlay 5.

3.7.3 TEST RESULTS. Test data is compiled in Tables X through XI!l. Each table
is organiled by secondary area number and contains T~s, northerly and easterly

position jumps in feet, and absolute magnitude of the relative position jumps.
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TABLE X

AREA 2 BOUNDARY CONDITIONS

POINT TDA TDB N JUMP E JUMP - MAG-
PAIR (usec) (usec) (ft) __ft)

2.1 -.439 -1.107 -1082 - 1 1082

2.2 -.542 - .958 - 969 - 94 973

2.3 -.600 - .828 - 863 -157 877

2.4 -.588 - .723 - 775 -175 795

2.5 -.477 - .642 - 708 -137 721

2.6 -.875 .437 535 -521 747

2.7 -.630 .575 721 -413 831

2.8 -.585 .377 501 -355 614

2.9 -.680 - .019 13 -343 343

2.10 -.858 -.493 - 613 -367 715

TABLE XI

AREA 3 BOUNDARY CONDITIONS

POINTI TDA TOB N JUMP E JUMP MAG
PAIR (usec) (usec) . .(ftfft

3.1 .596 -.520 -483 441 654

3.2 .538 -.487 -417 411 585

3.3 .610 -.383 -299 431 525

3.4 .866 -.226 -139 537 554

3.5 1.320 -.052 44 747 149

3.6 .568 -.608 -433 475 646

3.7 .546 -.671 -524 468 103

3.8 .473 -.631 -525 409 666

3.9 .362 -.524 -46? 315 559

3.10 .230 -.380 -352 207 408
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TABLE XII

AREA 4 BOUNDARY CONDITIONS

TFI NT TD TDB N JUMP E JUMP MAG
PAIR u (usec) (ft) (ft) (ft)

4.1 .172 .332 543 68 547

4.2 .060 .268 444 16 444

4.3 -.078 .189 328 - 48 332

4.4 -.232 .108 214 -121 245

4.5 -.366 .041 126 -189 227

4.6 1.277 .172 75 625 629

4.7 1.456 .265 182 703 727

4.3 1.422 .226 145 694 709

4.9 1.270 .134 70 636 640

4.10 1.081 .050 13 560 560

TABLE XIII

AREA 5 BOUNDARY CONDITIONS

PIN- TDA 1'DB N JUMP E JUMP MAG
PAIR u) usec) (ft) (ft)

5.1 - .595 .418 641 -353 732

5.2 - .821 .060 163 -419 450

5.3 -1.027 -.163 -150 -497 519

5.4 -1.194 -.220 -225 -575 618

5.5 -1.315 -.098 - 4 -647 647

5.6 .002 .412 747 - 26 747

5.7 .016 .378 604 - 13 604

5..3 .015 .300 530 - 11 530

5.9 - .010 .274 482 - 21 483

- .065 .243 431 - 46 433
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3.7.4 EVALUATION CRITERIA. The key paraweter evaluated was the ,nagnitude
position error shown in Tables X through X1ii. This position error is the restilt
of the northerly and easterly errors and representt the instantaneous change in
Loran position observed by the AN/APN-1O1 as the prime area luoindary limit is
crossed.

3.7.5 TEST EVALUATION. Although the test results shown in Tables X through Xii
are valid for the data gathered at Eglin AFB, they are generally applicable to
other operational areas as well. At Eglin there is a wide variation in aiparent
impedance ranging frt. near saltwater along the southern boundary to pour so ! in
the north. This large variation in impedance over the region o interest :S
probably typical of virtually all areas of operation for the AN/AR',-110, wth the
possible exception o,: rugged coastal mountainous terrain.

As indicated by the data in Objective 3, the uncorrected warpdge contributes
about 1500 ft position error. The price of enjoying a 200 ft Loran navigation
accuracy in the prime area must be paid at the boundary crossing becau1se of the
switch from a precise to an average impedance. Therefore, it is reasonable to
predict worst case position jumps on the order of 1000 ft or wore fur almnost all
prime area boundaries. This jump is most severely reflected in the LORAN/LORAN
mode of the AN/ARN-I01 operation. The Kalman filtering action in the other
AN/ARN-IOI modes will not allow instantaneous position jumps.

Because WARP is designed to be used with as many as four different data sets,
four slightly different sets of constants and coefficients are probable. Each set
would result in somewhat different boundary conditions. Although the AN/ARN-lOI
can handle four altitude sets of polynomial coefficients, only one constant
impedance is stored for each secondary area. The choice of secondary impedance
values is relatively unimportant since the altitude effects of warpage are at
least an order of magnitude less than the boundary effect (as shown by E'Jlin
data). For th.s reason, any secoridary area constant impedance generatel by a
valid set of daLa will suffice.

Although not directly related to the quantification of the boundary
conditions, several program linitations were noted. At least one real dat.: Point
must reside in any cell adjacent to a secondary area border in order for the
program to calculate an impedance for the area. Also, data points in a secondary
area do not contribute to the calculated secondary area inpedance. All data
points are used in the calculation of the PCA polynomial coefficients whether they
are interior or exterior to the PCA.

3.7.6 RECOMMENDATIONS. Several impovements to reduce the boundary effect can be
,iade. One is to change WARP and the other is to carefully select the secondary
area constant impedances to 'be inserted in the DMAS computer.
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As currently implemented, WARP searches the perimeter cells of the prime area.
An average impedance for each secondary area is calculated from the data points
resident in the perimeter cells. However, the program could be modified to
include data points in the secondary areas near the border (i.e., 5nm or less).
:f the additional points are well distributed, a better average impedance should
result. No special effort to gather data outside a prime area should be made for
this purpose as the improvement would be small. However, prime areas are not
expected to be isolated and if data earmarked for one prime area is available for
use in a different PCA secondary zone it could be used. This approach is flawed
by requiring engineering judgement and data base management not currently
envisioned for WARP operation. WARP should be modified to detect, reject and list
all data points outside the PCA. This would simplify WARP and provide an
additional error check on tile input.

There does exist a cumbersoie b,'t very effective method of suppressing the
boundary juiip. It requires, however, A PRIORI knowledge of where the boundary
croassing will occur. If this is known then the impedance of the data point
nearest the crossing can be substituted for the calculated secondary impedance.
The necessary data is available as part of the current program output but it isn't
fornatted to this end. It is recommended that the WARP program output be mnodified
to add a table or plot of the boundary impedances so that the users have the
freedon to select the values that best suit their needs. How such a selection
process would be implemented in the field is unknown, but the proposed AN/ARN-I01
Mission Data Transfer System is powerful enough that this capability could indeed
be added.
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3.8 OBJECTIVE 8. Average and Saltwater Impedances.

3.8.1 DESCRIPTION. Determine and compare the positional accuracy within the
prime area using saltwater and average impedances instead of the polynomial
warpage model impedances.

3.8.2 TEST PROCEDURE. Three sets of constant impedances were evaluated to
determine their relative merit in correcting for Loran warpage within the prime
area. This was accomplished by nodifying WARP to use selected values of
impedances in lieu of the warpage nodel impedances calculated from the input data
set. Table XIV compares the various impedance values used for the aster and two
slaves (Zm , Z1 , Z2 ).

TABLE XIV

CONSTANT IMPEDANCE VALUES

NAME Zm  ZI  Z2

Saltwater .001055 .001055 .001055

Millington .040 .028500 .014410

Best Ave @ IK .040 .0431456052 .0233970566

Best Ave P 5K .040 .0439589757 .0233413805

BesL Ave 9 1OK .040 .0450740286 .0230334424

Best Ave ( 15K .040 .04317743/9 .0223470084

The Saltwater impedance model represents an ideal case which assumes the
entire Loran coverage area is honogeneous with an equivalent impedance to that of
saltwater.

Millington's impedances were calculated by a manual method of fractional
parts. Basically, each arc length distance from the data point to the stations
was subdivided into elements of homogeneous impedance. After each fractional
length was assigned an impedance value, they were weighted by their fractional
contribution to the total propagation path under consideration. The weighted
impedances were simply totaled to obtain The final impedance value. The data
point used for these calculations was the center of the prime area.

The four sets of Best Ave impedances were comnputed by WARP using the baseline
input data sets for each altitude. These values are identical to the average of
the impedances represented by the coefficients.
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3.8.2.1 PROGRAM MODIFICATION. Several .nodilications to Overlay 5 were iddl*. TIe
first change caused WARP to compute the average ii.ipedance for each slave station
within the prime dre,i region. The second mnodification forced Subroutine Wave to
us, ;eloected iiipedances instead of CdlCuldting them fromi the coefficients.

3.8.?.? DATA REQUIREMENTS. Four sets of altitude dependent input data and
iripedance values de fined by Table XIV.

3.8.3 TEST RESULTS. Table XV shows the results obtained by usingj the three tyej
of constant impedances. Each altitude set is compared to the position errors
predicted by the coefficient mocel. figure 11 is a plot of the nordal probabill y
functions using the iK ft altitude portion of the data in Table XV.

3.8.4 EVALUATION CRITERiA. At input data )oints ere required to have real
world values of calculated impedance (.001065 Z .08). For comparison
purposes only, the WARP model generated at each altitude was used as the
standard.

3.8.5 TEST EVALUATION. Of the three sets of constant inpedances evaluated, the
1,est Ave set provided the dest warpage modeling. Unfortunately, this requires
that. correlated TD/LAT--ON data be gathered and processed to obtain a set of
i)npedances over a geogra)hical 3rea of interest. This data set does, however,

i odicate a pracLical limit of tne accuracy of the Millington inethod in estimating
consLant inp)edances.

As can :)e seon froi Table XV, no set of constant impedances corrects for
arp,age with any deg3ree of precision. Orly an approximate 501 improveiaent is

noted fro;i the saltvater model to the best average. The large mean error is
attributed to independently averaging the slave impedances instead of ascertaining
val mes? which niniize the total error.

";iliingtun's esti:nation procedure will not greatly improve warpage correction
as coimpared, to the saltwater impedance. In tenns of the AN/ARN-IOl operation, the
a'uil ity to select constant impedances for the prime area in lieu of saltwater or
W4ARP :.iouel generated impedances is virtually redundant.

3.3.6 RECOMMENDATIONS. Should it be necessary to use constant impedances for the
ri ;;e *:;, t lo ethods hdVe practical utility. The first method is to acquire

data ising a inobie or portable receiver in the field. Impedances can be hand
c-i Iclated and averaged using well defined techniques. The most difficult
cmPimnitational load is obtaininc or calculating the arc length distance from the
dati :)oint to the Loran stations.
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3.1 OBJECTIVE 10. Software Program Documientation.

3.10.1 OESCRIPTION. Identify coinputer software deficiencies and prograii
modifications to provide a nore user-oriented operation.

3.10.? TEST PROCEDURE. The identification of program deficiencies and nece';sry
user docunentation resulted in a Statenent of Work given as Appendix 7.

3.10..1 PROGRAM MODIFICATION. As defined in Appendix 3.

3.10.2.2 DATA REQUIREMENTS. Not applicable.

3.10.3 TEST RESULTS. The tas ,s identified in Appendix L3 ,dere accoished by

,'knament Systems, Inc. through a contract effort by the Naval Weapons Conler,
7hina take, California.

The results of this effort include a revised source prograil, a ser' s aP,

and an Analyst's Manual.

3.10.4 EVALUATION CRITERIA. Not applicable.

3.10.5 TEST EVALUATION. Not applicab)le.

3.10.6 RECOMMENDATIONS. Final resolution is required to esta)lish the
responsible organization for software operation and naintenance of this prjra .
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using 4 independent altitude sets of warpaje coeffic ienLs. When only one se! of
coefficients was used (i.e either the 1K, 5K, 1OK, or 15K data) for 311 syste',l
altitudes, the resulting average error" ranged fro, 127 to 158 feet. - Objective ,

II. In the LORAN/LORAN AN/ARN-lOl navigational tiode the syste'n nay expierience
instanteous position jumps of greater than 1000 feet when transitioning the "CA
boundary. In higher order navigation modes Kalman filtering of INS/L-ORAN posit il
will prohibit the instanteous juiwps. - Objective 7.

12. When a saltwater propagation model was used (i.e. No PROP K in the
AN/ARN-IOI), the average positional error throughout the PCA was 1261 feet. The
Millington method of detemining a single constant i::lpedance value reduced The
overall error to 833 feet. The ideal constant volue (Rest Ave) further reduced
the error to 523 feet. When utilizing the full warpage polynomial 1;1odel t
overall positional error was 117 feet. - Objective 3.

13. Software program modifications were incorporated throughout the :eriod at
this test activity. The SOW (Attachment R) lists the detailed tasks that were
accorplished and a brief highlight of the major program changes i ocludes the
fol lowng:

* Deldiled program comments

* Inproved software coding

* Extensive prograri dicignoslics

* lipro'ed prediction error suomaries

* New plotting and G ata o;oothin,. techniques

* Conprehensive Aser and analyst iianuals
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APPENDIX A

LORAN WARPAGE DATA BASE REQUIREMENTS

by

Joseph L. Howard

The MITRE Corporation
P. 0. Box 208

Bedford, MA 01730

Abstract

Differences between LORAN time differences (TDs) measured with a
receiver and TDs calculated using secondary phase corrections from a
homogeneous LORAN conductivity model, can be interpreted as irregu-
larities in the actual hyperbolic lines of position (LOP). This
condition is referred to as warpage. LORAN warpage occurs for two
reasons. First, warpage occurs whenever the propagation medium is
not uniform. Second, warpage occurs when LORAN signals travel over
two or more different propagation mediums i.e. from land to sea and
back to land. The presence of Loran warpage affects the normal
coordinate conversion relationship between the regular LORAN
hyperbolic grid and the corresponding qeodetic (latitude, longit -)

grid commonly used for navigation.

The effect of Loran warpage is corrected by the AN/A. '-lOl L.AN
system in a two part algorithm. The first part operates Lff-line and
uses a paired data base of measured LORAN and geodetic coordinates to
generate a set of 15 coefficients for each LORAN station. These
coefficients are used in the second part of the algorithm ear"
coordinate conversion cycle. The warpige is corrected during -oordirat,
conversion by using the coefficients tc estimate an effective wave
impedance for the secondary phase correction of each LORAN time of
arrival. This paper describes the considerations and methodology
needed to obtain a useable data base that meets the requirements for
coordinate conversion accuracy. The recent calibration of the
Southeast U.S. LORAN-C chain at Eglin A7B, Florida is used as an example
of the procedure.

A-I



Int roduct ion

For many applications, the usefulness of Loran depends on conversion
from hyperbolic navigation to geodetic navigation. The process of coordinate
converting Loran time differences to latitude longitude can introduce a
significant amount of positional error. This error is caused by the simple
fact that the Loran grid is not directly related to the geodetic grid.
Non-cancelling signal propagatioi errors cause a shift or bend in the
smooth regular hyperbolic lines of position. This is called Loran warpage
and is a function of the propagation path or medium the Loran signal crosses.

Loran warpage can be corrected during coordinate conversion by using
an appropriate mode) for the secondary phase correction term. Most coordinate
conversion algorithms assume a regular homogeneous Loran grid and model
a single type of propagation medium for the entire coverage area. This
assumption is not valid for accurate navigation over land where more than
one type of propagation medium is involved with a Loran signal path. For
very accurate coordinate conversion over land areas, the influence of each
propagation medium must be considered. In areas of severe warpige, such
as mountanous, this requires a detailed piecewise addition of all contributing
factors to arrive at an effective delay or impedance value. This process
miust be repeated for all three Loran stations (M, A, B) in the triad.
For regions where less coordinate conversion accuracy is required, average
impedance values can be selected for each Loran station. These values are
selected based on the average propagation medium for that signal path.

The U. S. Air Force has demonstrated very accurate coordinate conversion
over areas of severe Loran warpage. This procedure uses a two part algorithm
for determining the secondary phase correction*. This algorithm is
implemented in the AN/ARN-lOI Digital Avionics System. The first part of
the algorithm uses a paired data base of measured Loran time differences
and ,3eodetic latitude longitude :oordinates to generate a set of coefricients.
The coefficients are then used in the second part of the algorithm each

coordinate conversion cycle to compute the secondary phase correction term.
Thus, the accuracy of the final coordinate conversion depends on the selection
and corresponding accuracy of the measured data base. This paper presents
the generl procedure for obtaining an accurate data base for the AN/ARN-lOl

coordinatQ conversion algorithm.

General Data Reguiremen-s

The LORAN coordinate conversion data base consists of LORAN time
differences (TDs) and corresponding geodetic positions (Latitude/Longitude).
Measured (observed) data is desired but interpolated, derived, or calculated
data can be used if it meets the accuracy requlrements of the system.

"me warpage coefficient generation program requires that five geographic
areas be defined as shown in Figure I. The prime coverage area is centered
over the desired operational region. The size of the prime area is variable
but it is normally limited to IOC nautical miles by 100 nautical miles or

naler. Within the central prime area, the warpage coefficient generation

program uses the LORAN data base in a regression model to calculate
coefficients. These coefficients are then used in an interpolation equation
which calculates the effective wave impedances as a function of position
in the prime area.
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Figure 1. AN/ARN-1QO Warpage Correction Areas

The uniform distribution of data points within the princ area is
very important. Ideally, when the prime area is divided into square
cells which are 5 nautical miles by 5 nautical miles in size, each
cell should contain at least one data point. This distribution insures
that the prime area will be accurately modeled. This is a minimum
density requirement. More data points per cell in the prime area will
generally result in a more accurate mode . Locations outside the
designated prime area are used to calculite an average wave impedance
for the four areas outside the prime area. Usually data points at a
distance of 10 to 20 nauticai miles from the edges of the prime area
are sufficient for a good effectve impedance model for the outlying
areas. More data points may be required if severe warpage is encountered.

The AN/ARN-IOl LORAN warpage model was designed for aircraft and
requires LORAN warpage coefficients at four altitude levels in the prime
area. Each altitude level must have a separate data base according to
the following table:

Altitude Range for
Level Data Point

Ground 0 to 2500 feet
5000 feet 2500 to 7500 feet
10000 feet 7500 to 12500 feet
15000 feet 12500 to 17500 feet

Data points for geodetic locations at other than ground level, are
not required to be the same qeodetic location% as the ground level
point. However, the requirement for a m;nimum of one data point per
cell does apply. For other apolicat:-,s uch as vehicle monitoring,
only qround level data is reruired.
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Data Base Requirements

This section presents specific requirements to develop a LORAN
warpage data base. The Southeast U.S. LORAN-C chain at Eglin AFB
Florida is used as an example, and the following procedures will be
covered.

* Selection o€ the Prime Area
is Selection of Secondary Stations
* Estimate of LORAN Warpage
* Data Collection Requirements
* Generation of Warpage Coefficients

Selection of tne Prime Area

The Eglin AFB prime cover.ige area used with the old East Coast
LORA1-C chain was a 42 by 72 nautical mile rectangle. The size of
this prime area requires a minimum of 126 data points evenly distributed
over the entire area. The previous data base provided 126 data points,
but they were not evenly distr buted. These data points were concen-
trated over the west and east and ranges of Eglin AFB with a scattering
of points in the other areas. This uneven distribution of data points
caused problems with coordinate conversion at some edges of the prime
area. From this, it ;s concluded that it is better to reduce the prime
area to a manageable size and collect data points that are evenly dis-
tributed. Figure 2 is a map of the Eglin AFB land ranges showing
approximately a 35 oy 52 nautical mile rectangle located by the North-
east and Southwest corners shown below.

NE 30' 50.O0'N

850 55.00'W

SW 300 15.30'N

860 55.6O'w

This repre tencs a reasonanle sized prime area for the Southeast
U.S. LORAN-C chain 6: Egiir AFt6, Florida. The map is delineated by a
jri, evcry 5 minutes of angle. Thus, if each square of grid contains
at least I calibration point the minimum distribution requirements
have been satisfied.

Selcct ior of Seconaary Station,

The Southeast U.S. LORAN-C chain offers different combinations of
siave stations which can proviee coverage for Eglin AFB. The complete
data for this chain is contained in Table 1.
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TABLE I

SOUTHEAST U.S. LORAN-C CHAIN - RATE 7980($L2)

Station Station Coding Radiated
Function Delay & Peak

Latitude & Baseline Power
Longitude Length

Malone, 30-59-38.74. Master 1.0 MW
Florida 85-10-09.30W

Grangeville, 30-43-33.02N W 11,000ps 1.0 1W
Louisiana 90-49-43.60W Secondary 1809.54iis

Raymondville, 26-31-55.01N X 23,000iis 400 kW
Texas 95-50-00.09W Secondary .4443.38ps

Jupiter, 27-0l-58,49N Y 43000us 300 kW
Florida 80-06-53.52W Secondary 2201.88ps

Carol iot Beach, 34-03-46.04N Z 59,000us 700 d
I. Carolina 77-54-46,76W Secondary 2542.74ps

Computer generated mpas showing the Geometric Dillutton of Precision
(GOOP) for all master-slave combinations of the Southeast LORAN-C chain
were computed to help select the best secondary stations. Analysis of

this data indicates that the Raymondville slave (X) generally provides
a lower GDOP over Eglin AFB. But its baseline goes directly through
the selected prime area. This will result in rapid changes In GDOP over
the Northeast corner of the Eglin prime area. For this reason the
Malone-Grangeville-Jupiter triad (M-W-Y) is selected to provide the best
overall coverage for Eglin AFB. Figure 3 shows the location of Eglin
AFS in relationship to the Southeast U.S. LORAN-C chain (7980) and the
olc East Coast LORAN-C chain (9930).

Est,-nate of LORAN Warpage

Rough estimates of the effective impedance for each station are
needed to determine if warpage in the prime area is mild or severe.
These estimates are aiso initijlly used in the AN/ARN-lOl for all areas

and at all altitudes until a sufficient data base is available and
warpage coefficients are computed.
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These initial estimates of effective impedance can be made using the
following procedures:

(1) Using a map that covers the prime area and the three
transmitters (Master, Slave A, Slave B), select a point
approximately in the center of the prime area.

(2) Draw the line from the selected point to the Master
station and estimate the fraction (x ) of this path
that is seawater, the fraction (x sa .) of
this path that is nornal land, ana 0 e frac ion
(xrough/dry land) of this path that is rough/dry land.
Note that Xsea + Xnormal land + Xrough/dry land = I.
The estimated impedance (3estimate) is then calculated by

evaluating:

8E = (0.001055) (xsea) +

(0.03) (xnormal land ) +

(.05) (Xrough/dry land )

(3) Repeat step 2 for Slave A.

(4) Repeat step 2 for Slave B.

The thiree estimates can De used in the AN/ARN-IOI. This is accomplished
for thu crime area by setting th! constant termcc to the estimate0
of efrtuctive impedance and setting the other 14 warpage coefficients for
each transmitter to zero (cI through ce14 ). This must be done at each
,-f the four altitude levels. This procedure provided the following
estimates of effective impedance:

Mas',t, - Ma~one, Florida
100+ normal land

= (0.03 ' ) = 0.03
m

Secondary W - Grangevi lle, Louisiana

5i sea
95Z normal land

4E  = (0.001055 A, .05) + (0.03 * .95)
w

= 0.0285

Seconuar_' Y - Jupiter, Florida

55'1, sea
451 normal land
IE - (0.001055 * .55) + (0.03 .45)

y
= 0.0!441
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uncer!aInt,. Se"e -c '.hir . q rat o* and
r, d sea ne' Ca , -, -* V s wet acros
the Ec In Ar B area - 'e- e f-)r the Jup. ter
path s exact' e t -e Eas t cast
LOR.AN-C char', I i tn , as r , , , a I tv' r  av,-, as deter "n

to be respoi'- ;ble for the ma or ot a i DRN war; aqe. Sir'ce ti-e
transm- ssion i .ate ,J.ea c' a, d ,ent ic.a' for the J.r.;te-
slave, the same sever, ..+a . e -s , '.ecec r t' tr ,theast J.S, LORAN -C
cha r,

Ths ass u,:ior stanti a n t . d 'j r f en f ee-ence betw

measured and _;i! cuat ( i , s o' I ' T n 7t th"o East C'ast ,-,I<
Southeast LORAN-C chain-- T-) cor',[ar on 4,- dt c r te DOi shOrr
n Tablo I and the res. 'r -'' - h. ame dIrct ioo, and nearY, tI ,

same maanitude in eac -,

The data in Table II was c-a ,ulated tk. -sti- ve the expected po,i t iopa,
accuracy of the AN/ARN-10' oodinote conw :te'- ', factor), the oath -,f
the time difference lin ,,f posi" ,o,, (&L9P ire-, )n) , and rtlative rance and
bearing to each station. Th)5 da'j ,osKs ax& let qeometric coveraq,
for the Eglin AFB area. The instantaneous (plane- ) path of a 'D LOP was
calculated from the azimuths to the IDRAN stations by the following

ecuat ion:

LOP S  = Tan-} Cos 0 - cr-,

sjnO) - n2

where: 0M- Bearinq to master tation

= 3ear;nn to - econdary stat on

Figure 3 shows the TD Lines of Positirn from Table 11 overlaid on
map of Eglin AFB. Based on these ,-ao cu'at;on- ;- is concluded that the

LORAN coverage from the Southeast U.,. LORIN-C chain will be uniform with
TO crossing angles of aDoroximate!v 72 t" 77 deqrees.

Data Collection Requirements

The prime area :s usually sufficiently large that the data base il'
be collected over a long period of time. TD measurements taken fo- the data
base? must be compensoted ior weathe". diurnal, and ;easonal effects in order
to be consistent and dccurite. Ground monitors are needed to accumulate
a history of TD data and establish standard TDs associated with the monitor.
TDs collected in the field are then corrected hy an amount determined from
the foflowinq equation:

! Q factor is the absolute value of the dcterminate of the coordinate conversion
aradient matrix. Absohtw- value- areat.. 'a- '. are r(-quired for conversion.
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TO TD + TD. - TD
meas inst std

where: TD = Raw measured TO from the fieldme as

TD. = Instantaneous TD of the Monitor
inst

TO td = Standard TD of the M~onitor.

The data base may be collected by ground mobile receivers at knowJn
benchmaks, geodetic survey pointi, or by an aircraft equipped with LORAN
and other equipment for independent ground position location. When aircraft
are used to collect the data base, the instantaneous aircraft locations
should be accurate to 150 feet (C) or better. Measurements with position
uncertainties of up to 300 feet (lcr) may be used, but only if more accurate
measurements cannot be obtained. When positional measurements cannot be
made to accuracies better than 300 feet (]or), then the data point should
not be used. If this condition is prevalent over the prime area, then the
prime area cannot be adequately modeled and 'average" values of effective
impedance wil usually provide the same statistical accuracy.

Generation of Warpage Coefficients

Collection of the data base is only the first step in the procedure
to correct for the effects of LORAN warpage. The data base must be
processed by the warpage coefficient generation program to caluclate a
set of fifteen coefficients for each LORAN secondary station. This program
requires the following data as an input"

*The Northeast and Southwest corners of all 5 correction areas

*LORAN station locations

*Slave emission delays

OSpheriod Model

*Transmi ss ion ringes

*Prooram constants

- Effective impedance of master station (estimated average)

- Atmospheric vertical lapse factor (0.85)

- Atmospheric index of refraction (1.000338)

*OData base for the area of interest.

Currently, the warpage coefficient generation program is in IBM card
format and the above data is entered on IBM punch cards. The format for
this data is specified in the program users manual*.
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The input data base is used by the warpage coefficient generation
program to model the warpage and estimate the effective impedance for
coordinate conversion of each data point. Once the effective impedances
are determined to the accuracy of the data base, warpage coefficients are
generated. The current version of the proaram uses only one coefficient
to model the master station. The estimated value of master impedance used
for input is also the coefficient for the master station. For each secondary
station, one of the 15 coefficients is the average effective impedance
for that station while the remaining 14 coefficients are constants for a
4th order polynomial. This polynomial is used to adjust the average
effective impedance as a function of posit:on within the prime area. With
this method, the coefficients can effectively model the warpage and provide
the wide range of impedances needed for correction. This process is
implemented in the second part of the AN/ARN-!O1 coordinate conversion

algorithm.

Summary

For many applications LORAN must be coordinate converted to latitude

and longitude. Changes in the propagation medium over land signal paths
warps the smooth hyperbolic lines of posit:on and affects the accuracy
of LORAN coordinate conversion. The effects of warpage can be correc'ed
by proper selection of the secondary phase correction term but the
selection is complicated by the severity of the warpage. Mild warpage
can be approximated by a regular smooth LORAN grid and a single effective
impedance correction model. Correction for severe warpage depends on
location and requires an individual correction for each station and each
location. Precision coordinate conversion in areas of mild and severe
warpage requires an accurate data base of known geodetic positions and
measured TDs. This data base is then used to model the LORAN warpage. !n
the AN/ARN-lOl algorithm, warpage coefficients are developed in a warpaqe
coefficient generation program. These coefficients transfer the warDage
model to the second part of the algorithm which selects the proper secondary
phase correction for coordinate conversion. This algorithm has demonstrated

the ability to accurately model both mild and severe warpage as well as

the rapidly changing warpage encountered with multiple land-sea-land

interfaces.
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STATFEET OF WORK

'UPDATE OF 0r)C1-E4TATIO.N OF

SCOEFFICIENT GENERATI0% DROGRAY3

The nur-i-,-- o"' the, ''arrne Coefficient Peneration Program (14CGP)
i-, tr, ty- n-fcr- Lr'A11, rrid calibration data (Loran time difference
;9Vureifs at -v~ cecdetic ncsitions) into ARN-lO.1 warpane c(pffi-

c~o<s.TIi' -'inction is necessarv to define thE ARN-10l Loran warpage
*:,l 1-c ,rcv,(o - raCessarv navication ard weanon delivery accuracy.

1 ~ cop-

Th)is elFort covers thie update, modification. documentation, and
,,cl-o~ut of JI -Ircnrat,, functions withir the 'Narrage Coefficient Genera-

,Jun ')rcnra~i. All non-renuired program logic will be eliminated, necessary
lc,-:ic strea:iln, , rocuired capaLilities added, nrogralmi variables
s',an :ardizcd, -, user and anal ' st manuals prepared providing complete
,;nC u-tc-djtc cccunmentation of th!e procram capabilftv. All options
retaiie6 vitifi '.;e updated program~ will be executed hy ineans of a sample
nrcii,w resulits , ssessed. and if required, further modifications made
Io C) jri tuc c s )I,(,( results.

L K,',') S KGKUD

Tho ara oefficieqt Generation Prograri ,.as develooed ty Lear
,eci-r, !nc. (s;as a surnort oroqrarr for the AN/ARN-l0l Loran function.

1', :s rrcvi Uo: to th e /Ariarent Divisier \A.D) -For suprcrt of the AN/AR!'>l0l
r:2C/~ T ,r/IPT",E test orocram. De'iver ' consisted of a card deck,

:;r,-rc- listin-, an0 User's 'anual (L I YVINO7). The proqran resided at
n: t Tv:T 17'. Thr orioi nal LFI oroqrarrn was then orovided to HQ

I, ~ Awhere it vas riade operational . ESO Operating
LnoCa-irrrF T~irI M7, Floriea 3?542, received the nrogram in 1979 for
;sp vi : ' 'l 11-F caliiration of the new Southeast USA Loran C Chain.

T'"c ar~Ccfficient Generation 2)roqrarn is currently operational,
uits orper3 '_ i- corlex arui reouirt-s evaluation by an engineer well-

vre i 1 r. Tho current inienientation includes subroutines taken
.irr.r:-l'i frc.- ' 4hcr runctional nroorirs which results in unnecessary

nr r(utines, calculations, and extensive arrays. The program
S UJ~ ~?L akes lorcer t- execut~e thain is necessary for the

iu v iain fwa -ficients. In addition, th~e
-- ,c rai' rialc1 is~ for s ,_pssu' utilization is diff iUlt to per-

j~,r ' do,ie,iitil avaiilrable.



T.:CI;ICAL "LOUIREIMENT:

<, cntrctcr ;Knll nerfon;, tfi, t,,vis specified herein. All tasks
:io c t 7 ..i ut iij the f.,ricd of time specified in the schedule.

P,0;i,.ics for assioned tasks shall be as directed by the government.

"i.i;:,ize ,rd sii'nlify input/output data reouirements necessary to
Cy'" t h' e pr(cr, rai.

* A. Prcid ,' fi-tion of all input narameters with format specifications.

. ntl. ,/ cr, sitive innut Parameters and provide nominal values.

t_ 'ta noinL input onto one card by eliminating the
--.. v',:,reformatinq the remainino data.

A. r,,for,,, oout to duplicate input file format.

S :rvi.',(,ic to identify and eliminate data points outside the

. t, , 'ination ard approval of the government, delete all
,. . .1 lo.ic and streamline required logic to provide

t--date progranrwinq techniques. All code must be
z r ANSI STC X 3.10 - 1978.

* ;.L. :i 2" ct.l creation process to accomodate residual regions
Vt A - ver. (io area.

: I I variable names and reorganize COMMON to achieve
:,ii, rrnutines tc nrovide easier flow of program logic.

._ .. , ,-lion of progran variables, variable names, units of
Ar-cted rdnqcs.

... :tions te consistently maintain numerical significance.

. plectaLle snheroid rodel5 and allow for user
S- - -cI. Y'ference Specification C.lOOI-004 of Contract

". cr;puter Proerarm Develooment Specification
, , ,r of PF-4C Dinital !Iodular Avionics System.

: . to Input transnitter elevation and use it in

S . ,orithil to copute all areas boundaries given only
, r . ' to )ri(,e area.
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4... ' dif. Itrix conversion anlqorithr to convert time difference
,T i) {erors t(, urits Of linear mreasure.

l. T Il h s , t: hisnr rar n1lettinn canability for selected oroqra1T1

.. , Irrler-;: a,'.,itional overlay to include selectable nlots of:

;, . Pali. ,ri-ts vithin the nrime coveraqe area showing grid
c-ll I a'!rics an' cell nu eors.

t. 'eur -lots of calculated and estimated impedances f,)r

e -cq .ster/slavc cor;ination.

c. Ctnttour nlot of imredance error r;easurements.

[4. Ad to tie rroqram listino comments to fully describe progra,
n,:ic trd co:*;-utaj'ins teine performed. (nclude description of program
,i ,

'< ss. io:,c, and miathematical modelinn tEchninues employed).

.:r I.r.,irn cj, tion of Task 4.1, the contractor shall conduct a
c'o j f all rorar.i controls, options, and input/outnut formats.

.In coV2:-1'r,. ticr with and with Lhe approval of the government,
- c c,Lract.r t: " rerare san'l., problems which will exercise every

ur);r,. (!~:,qt T'evbv deronstratinn, to the satisfaction of the govern-
th, intQ iv J. the comleted pronrair. Test data will be supplied

.thLw,,r Lic. later thvn 3) days prior to test date.

;.L. Foiir c-. oovernment's revie.,- of the results nroduced in Task
.', tn&e coi',r.icLor shall conduct further modification work, as renuired,
c .-ct ai - rna rociran! Jeficiencies as identified by the

cI Jr,,tions may take the forri of additions and/or channes
nr-rlo.ic ard itrmutloutrut formats.

S T , certr.ctor shall conduct a documentation effort consistinn of
-lac ',(,Pt of -e nrpsent t:arpaie Coefficient Gereration Progran documen-

o * , ' I L T \- , -. lay 197,) wit, the followinn:

.1 ,'s " -'.:.a;ual This manual shall:

...! ! ,., t'-,, i',ective of the comnuter program, its potential
:!:i}Jic , . nJ rovide concise descriction of the major elements

r it,. ri i P overlays. nrograirs, subroutines, and

<-.L,_i(rs). .arr,.tivp discussions and illustrations shall be used

' I th, i uLs necessary to use the program and
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...... ,, and define innut narameters reauired for each
:,,.utl~fl r~-U :eir lecation and format on the input data cards.

.. l ':tr? t data ue, • .' for all major options.

......-,:ate the output options available and define the output
,r,,'C ters.

".,.1..1 :efi,i- output items aivinq dimensions and units for each

.. w 2, -r<h"es of eacil cutout option.

Iu,*.],,t .: and describe eacl, output nlot option.

. ... 2 ,sui,, i example of how to exercise the program using a

...... ! Jescie -he proble.i including assumptions and constraints.

S... 3 tabular listinn of the input parameters with the

* - ,'' the total nunched data card setup.

. .1 - This manual shall:

t , 7ectives cf the comouter oroaram, state its potential
-,,icle a concise description of the major elements
' i,.,vst' s Manial.

n ,ti, hicn describes the application considerations
" 1" * ,r e rodel.

. data collection requirements.

I i, . Z )P ca -libratea orid oneration.

nnitorin procedures to be used to determine

, . . :r hv,iici cescribes the mathematical and spheroid
, .,e udaLe compiruter programi.
;athematical enuations used in each model.

S. .. ... . 1 tue assu;:wtions used in each model.
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.. '. W { ,  sols ar abbreviations used in each model and
'rovi t i (, each ccrstait and variable used.

. ." s.'-, '-Ordinate systems and transforrmations for

. .'vi s,-cti'Tr which defines the basic desion philosoohy
crii, t:....crentatien scherme annlied to the math models.

'rovi,': . unctienal hIock diagram indicating the major
,-,"rcrts -t rrerram, their interrelationships and their inter-
'I::cs ,.it}, ot cor:ononts. Ircludes overlavs, programs, subroutines,

. .. Frcv :c a lonic dianrari that depicts the structure and logic
-,ic ctrl& routine and subroutine contained in the updated computer

.Ir~Chw alossary of symbols and terms used in the software

" rrovi.,, , section which corpletely describes the procedures for
-rc j i . _ c an,t:'u '2ntino the proorahi.

S. I Drovi l- ,tuerational instructions for the proaram. Include
, ,I-mr ,.(5 , .nd limritaticr.s, as well as interpretations of all

,, es:'e iarinestics and explain all error code messages.

- - : ,clitin e tile comruter rroqran in source lan uaqe.

"'f" -,s r , ijrce c rd forriats identicyincr their puroose

.9. .1 lev'iP qevernment s review cf the results rroduced in
1 a!, .( th contr~ctor shell conduct further modification

is, rcq J , c crrrect arv ieficirncies identified by the government.

T - cc;'tr,ctnr shal1 install and exercise the computer program on the
C Ct oruf,.r at Lolin AFE, FL. This task will be completed when the

(.,,uUer C,.-ra . runninq on tie iolin cewouter, is able to duplicate the
,,t')ut ' ts ' tai, e( durinn to. :,ronra checkout phase, Task 4.2 above.
, l ver* i : 1 .. l rran'ie fcr ti'e' use ',,v the contractor of the EgI in AFL
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